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[(BE] BH - HWRAERAMK (mixed linage leukemia, MLL) FEPEHE (MLL rearrangement, MLL-r) PHERJLEE 200k (M5
(acute leukemia, AL) HBEMIGREE S L BUSEI . FiE - BUBEEHT 20004 1 A 1 H 22019 47 12 7 31 H 15858 K2 s LR
BEWCIE I MLL-t AL JB L A5 ], SR FH 2 S 2 38 /sl 52 ¢ 5 58 1 PCR AN MLL-r. Kaplan-Meier 3 A% S8 LAEfA16 0, Log-rank
0 LA A AL AR AR . PN L AR L AT AR A IR AR A TR E M B K . R - AL IRILMLL-r (WA H Ry
7.1%; FE 2Rk E 4008 (A 9% (acute lymphoblastic leukemia, ALL) Al &0 88 40 Mg M (1 L% (acute myeloid leukemia, AML) H
MLL-r (ARG R 50 5.4% M1 13.3%, —FEZFEGHE L (P=0.002); 2HEJLIER (51 2 F<1 %) MWL AR (250
10°/L FMI<50x10%/L) [e#, 25 E Gt X (P=0.032 #l P=0.021) . MLL-r ALL LY %5 20 8 LR W AT i& B-ALL g 32, 5
79.2%; MLL-r AML LRI M A, (5 77.8%. MLLAKFEEER 4387, ALL B JLMLLIAF4 5 59.2% (16/27), /N1 2 8L
68.7% (11/16), HIAEMLL/AF441/NT 1 4 W )LEBUHE L2 7 Gt 2# & S0 (P=0.034); AML B JLLIMLL/IAF9 R+, 45 33.3%, 4214
BILTT TP HT, 58 2% ] 97.6% (41/42), HAiBETiE ) 26 ™ (2~138 4~ H), Hifi TEM4AF (event-free survival,
EFS) F1EA:1F (overall survival, OS) [0 451k 214~ H f124.5 4 H, 34E EFS F10S %551k (41.8£9.4) %Hl (60.949.3) %
MLL-r ALL fE L {37 EFS H1 OS i} /8] 4351 4 21.5 4 A M 28 4~ A, 34E EFS M OS R4 51N (44.3£11.7) %AH (58.2+12.1) %. MLL-r
AML L EFS F1 OS W] 43 51 9 16 4~ H #1234~ A, 24F EFS F10S 435 ) (36.5£15.8) %7F1 (64.7+14.5) %, ALL #JLE K
84, i KR 204 (2~364)1); AMLEJLE R 76, i KB 1640 (5~384H )5 3% BRE K55 48.4% F
63.9%, 2ZREHEHFEY (P=0.398), HHEDSHE/R, MLL-r ALL ILAER>1 % 5<1 B4 4 5=50x10%L 5<50x10%L 41
IM/IMREL>30x10°/L 5<30x10°/L 41 EFS 3 422 A Geit 2% X, PEAY 5129 0.028 . 0.024 F10.027, £ #4301 7 K B 1) 1140
Ja# N S MLL-r ALL 58 JL EFS il b 37 )5 I & (RR=6.113, 95% CI0.017~1.050, P=0.013) £5i% « AML & JL MLL-r 1) % "= 3K 1
ALL L . MLL-r ALL LA 43 1 DU TR B-ALL 35, MLL-r AML (8 JLZ WL F M8, MLL-v FHE JLZE (05 SR 3 k1697
MR MER AT, R KR . RIRB A4 E=50x10%/L J& MLL-r ALL BJLB R RHUS N &K .
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Clinical characteristics and prognosis of pediatric acute leukemia patients with MLL gene rearrangements
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[Abstract] Objective-To analyze the clinical characteristics and prognosis of pediatric acute leukemia (AL) patients with positive mixed linage leukemia
(MLL) gene rearrangement (MLL-r). Methods-Forty-five children with MLL-r AL admitted to Shanghai Children's Hospital, Shanghai Jiao Tong
University from January 1, 2009 to December 31, 2019 were retrospectively analyzed. Fluorescence in situ hybridization and/or fluorescent real-time
PCR were used to detect the MLL-r. Kaplan-Meier method was used to evaluate the survival of children. Log-rank test was used to compare the difference
of survival rate. Univariate analysis and multivariate analysis were performed on the factors influencing survival, such as gender, age and the number of
white blood cells. Results: The incidence rate of MLL-r in children with AL in our center was 7.1%, and the incidence rate of MLL-r in children with
acute lymphoblastic leukemia (ALL) and acute myeloid leukemia (AML) were 5.4% and 13.3%, respectively. The difference between the two groups was
statistically significant (P=0.002). The age of the two groups of children (>1 year and <1 year) and the number of white blood cells at the time of onset
(>50x10°/L and <50%10°/L) were compared. The differences were statistically significant (P=0.032 and 0.021). The main immunophenotype of children
with MLL-r ALL was early precursor B-ALL, accounting for 79.2%. The main immunophenotype of children with MLL-r AML was My, accounting for
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77.8%. MLL partner gene analysis showed that MLL/AF4 accounted for 59.2% (16/27) of MLL-r ALL children, of which 68.7% (11/16) were children
younger than 1 year old. Compared with the children younger than 1 year old in the non-MLL/AF4 group, the difference was statistically significant (P=
0.034). The majority of children with MLL-r AML were MLL/AF9, accounting for 33.3%. Of the 45 patients, 42 cases were included for the prognosis
analysis. The complete remission rate was 97.6% (41/42), and the median follow-up time was 26 (2—138) months. The median event-free survival (EFS)
and overall survival (OS) time were 21 months and 24.5 months, respectively. The 3-year EFS and OS rates were (41.849.4) % and (60.9+9.3) %,
respectively. The median duration of EFS and OS in children with MLL-r ALL were 21.5 months and 28 months, respectively, and the 3-year EFS and OS
rates were (44.3+£11.7) % and (58.2+12.1) %, respectively. The median EFS and OS time in children with MLL-r AML were 16 months and 23 months,
respectively. The 2-year EFS and OS rates were (36.5+15.8) % and (64.7£14.5) %, respectively. Eight cases of ALL children relapsed, with a median
recurrence time of 20 (2—36) months; 7 cases of AML children relapsed, with a median recurrence time of 16 (5—38) months, and the cumulative
recurrence rates were 48.4% and 63.9%, respectively. There was no statistically significant difference between them (P=0.398). Univariate analysis
showed that between the groups of MLL-r ALL children >1 year and <1 year, white blood cell count >50x10°%L and <50x10°/L, platelet count =30x10°/L
and <30x10°/L, there were statistically significant differences in the EFS rate. The P values were 0.028, 0.024 and 0.027 respectively. Multivariate
analysis showed that the number of white blood cells at onset was an independent prognostic factor affecting EFS in children with MLL-r ALL (RR=6.113,
95% CI 0.017-1.050, P=0.013). Conclusion*The incidence of MLL-r in children with AML is higher than that in children with ALL. The main
immunophenotype of MLL-r ALL is early precursor B-ALL. The main immunophenotype of MLL-r AML is M,. Conventional chemotherapy produces a
high response rate, which is likely to relapse. The number of white blood cells at the onset >50x10°/L is a poor prognostic factor for children with MLL-r

ALL.
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RATER A MR (mixed linage leukemia, MLL)
KR F 1S ERKE2 X34 (11q23), HEAESESE
PRPET RS, DT S D A B s A, I g
YN g S B AP V8 ol | R OB o S B iR T I B
WL A PR P 25 L, DTS & I 9 & A, I Pk I R
o IR 2 — o AL T 15%~20% JLE 2 PERE AN i
P H LA (acute myeloid leukemia, AML) F2.5%~5%
M )L TE 20ME Wk 48 M (1 il B (acute lymphoblastic
leukemia, ALL), 7E24JLAYEFINN (acute leukemia,
AL) Pk 75%

MLL 3N #HHE (MLL rearrangement, MLL-r) J& AL
UG A RBMAL R, XREEBA KRR &
FIAH . 28 e w2 R (T ) HMELIZE A |
G IE o Bk . AR R AR A (BT X AN [ AR I B
BUEORTE] “fkpE” mla RN B USRI E . B
HI A IE A A0 o7 S TR ol T 46 M A5 A (allogeneic
hematopoietic stem cell transplantation, allo-HSCT) i iX
KR WA RA I m, SRR RO A AR
T4 1) 245 40 R0 A0 L S 2 VR T R SR 0 MLL-r FEPE 1 i
LTS P ARWFFE L o ST MLL-r FAYERY AL
JUBYIm IR . L5 3 TR AR ARG 0L, SR R 1Y
PRAE R T

1 WEE5RHE

1.1 WX R

B 4347 2009451 H 1 H Z 20194512 A 31 H L
2238 KA it E L BE B oA i W) & JLE#E AL 3 633 4],
< Pt A 1A 44 40 (Word Health Organization, WHO)
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(2008) 2 Wi 7> HUAR HERG 12 09 ALL [ 498 fil Fil AML &
H 135 4], JF 4 5O R A 2% 58 (fluorescence in situ
hybridization, FISH) i F1/ml S I 258 ' 0 1t 5 A il I
R (real-time polymerase chain reaction, RT-PCR), HHiff
45 il MLL-r 18 LA BT 52 o

1.2 IS i

Il A2 Wrid o A0 MR 252 . ey AL is AL 2 K
AR A . TR R AR B R A s S e Al
oo BB oy BRI H 4R S SOt AR %, Ui =X 4R Y
canto2 (Biosciences, =) HEATARMEKIIM . MLL-r R
FH FISH I RT-PCR A&l , RT-PCR 2R FH b it 5 27 4 MRk
HA RN &, TR MLL-AF9, MLL-AF6. MLL-
AF4, MLL-AF10. MLL-ELL. MLL-ENL., MLL-AFlq.
MLL-AF17 % 11 R MLL AOGRR S LN o e A 81 2 #r
K G RATHOAR, BRI NN 8 A% % [ b i
R (ISCN2009) ) o 2015 4F J5 ieys 9 8 2 R —
A A ALL J2 AML 3 DURERI 28748, 4245 : tumor
protein 53 gene (TP53) . paired-box domain gene 5 (PAX5) .
janus kinase 1 gene (JAKI) | janus kinase 2 gene (JAK2) .
plant homeodomain finger gene 6 (PHF6) . cytokine
receptor-like factor 2 (CRLF2) .notch 1 gene (NOTCHI) \
fms-related tyrosine kinase 3 gene (FLT3) .nucleophosmin 1
gene (NPM1) . receptor tyrosine kinase gene (c-Kit) .
CCAAT enhancer binding protein « gene (CEBPA) .
isocitrate dehydrogenase 1 (IDHI) . DNA methyltransferase
3A  gene (DNMT34) . additional sex combs-like 1
gene (ASXL1) .neuroblastoma RAS viral oncogene homolog

gene (NRAS) . tet methylcytosine dioxygenase 2 (TET2) .
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histone-modifying CREB-binding protein gene (CREBBP)
1 Casitas B-lineage lymphoma proto-oncogene (CBL) 5,
i r tE BE PR SR T AR P v A R A T

1.3 WRIT TR

1.3.1 AMLIRIT TS A A4 AML X 43Rk ] F i
A2 K 2 @ L # PE B AML AT 77 % (SCH-AML J5
220, PR R FH e AR B S DA Atk (bSO
2010R030-FO1), & JLUEH NI B G [F

1.3.2 ALLIRIT IR A AH ALL X006 i) 43
SR HI CCCG-ALL2005 J5 %8 ) (2009 4 1 H—2014 4 12
H) FICCCG-ALL2015 K% ' (20154 1 H—20204F 10
) SEATIRYT RN A B B A 3 51 stk (St
HESCS . 2015R037-FO01).

1.3.3 allo-HSCT ALL mfadl B ILAH & Bo Rt ,
HUAE ARG 34 H 224147 allo-HSCT; AML & fE 4l L
LA AR e s TR 1S
17 allo-HSCT; JIFH & & 3% %338 4T allo-HSCT.

L4 J7R0EN

IFROEAL R UES B QIO 12 W ST 3R ) 565 3
W7, TeFEEAAF (event-free survival, EFS) % XM
ZWEEN S — IR T R A SRR B I ], FAEEE k.
WT- 5K M., BAFH (overall survival, 0S) & XN
AL Wi 22 30 77 5 R R BE T B 8] o AS B 5% Bl 17 28
20204F 10 H 31 H, HAzBEVIfE 261~ H  (2~13840H ).

1.5 Hil“#ahr

T B £ 7 SPSS 23.0 AR HEA T 0 Hr . a2 1 R
xes Py EMEVOR ML (Far%) RoR, 24iREA%E
1 LR FH DUAS R (1) 2 K . R H Kaplan-Meier 11742
LR T L A ML, 4R AR A7 3 AR A
Log-rank K56, AP Z 43T P<0.05 A9 Z I3 A COX [1] 19
R JEAT Z2 N R A, AR E OS2 BiUS R . P<0.053A
hER BG5S

2 £R
21 sk

45 5] MLL-r PP 835 o5 0A AL B SO0 7.1%
(45/633) . B 2341, L2241, 2Wilk b 47 4R i 29 4~ H
(3~136 1~ H ). ALL27, AML 18, 5 [F&ILAY
B 53 51K 5.4% (27/498) F113.3% (18/135), 2414 L
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MLL-r K5 R 1 22 5 A it 22 B X (=10.067, P=
0.002) . MLL-r BAPER ALL 40 1l AML 40 8 L AR il <1 %
H o3I 1161 (40.7%) A2 61 (11.1%), #I1& Y 40
Jifi (white blood cell, WBC) %>50x10"/L (1 & JL5 A
174 (62.9%) F154 (27.8%), 240l F A%
2 (=4.615, P=0.032; ;=5.351, P=0.021), 2%
BN R 27 TG4 L (=0.534, P=0.465),

22 JEEFRRES N

ALL [ v B-ALL [ 3% 24 5, T-ALL % 34, H
HIRHIRTA B-ALL 523 1949 (79.2%), il B-ALL 4
5 (20.8%). AML f 35 M, B35 14 ] (77.8%) ,
M, E 3 (16.7%), MBI E 1] (5.5%), M,FI
MRS 94.4% (17/18).

2.3 AR AL AR5 1 B A AR

45 15 MLL-v BA P £ ) L3E 2 e (o A% B0 43 B 4Gt S
A 30 1] (66.7%) , IE W% %A 10 ] (22.2%), 5 1
(11.1%) HIFFEAMBAERANR LS (R, #HEE
R AL AR 115 YL iRk 5 47 26 B, # i %h 4.1% (26/
633), FISHX MLL-r (% %8 7.1% (45/633), 280 J5
TR R 2ZRA G FE L (=5387, P=0.020),
RT-PCR J7 ik MLL AR FEEE] (21), ALL &L
Kt MLLIAF4 19165 (59.2%), HA4EI/INT 12 1k
JL 1B (68.7%), AE MLL/IAF4 414544/ T 1 % 1y L
3 (273%), ZHEZERAGIUHE XL (=4492, P=
0.034). AML L MLLIAF9R) 645 (33.3%).

2.4 JEPIRAE BT

27 i) MLL-r F LR FH 3L PRI 3 5 s Rl 1 L 1Y
ALK, 8B (1529.6%) BILKHIEHZEA, Hi 16
B ALL LA 5 (5 31.2%) RAFFEEHME, [
CREBBP 7% 1 5] . NRAS 572 115 . NOTCHI %7% 1 4] |
CRLF2 575 15 . TP53 5872 1, 11 AML & LA 3
Bl (i 27.3%) A BHYE, 35 NRAS 22745 1 i,
NRASH FLT3 57 1§, TET2Jf CBL %7 15

2.5 fikaorbr

251 Jrsrbr A4Sl ILT, 36 ALL #6125 iR
7, R 42 13 58 BUA SARYT o A1 6% L ALL LS
SIBIT R MG, A 410U ZE SR W,
SE2 2% (complete response, CR) F97.6%., il
fa] 26 A~ (2~138 1), Hfi EFS 1 OS B[] 43531 o4
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F1 45GIMLL-r LE AL BEHAMIBEEFEMD FEYNEHE (%) ]
Tab 1 Cytogenetic and molecular characteristics of 45 AL children with
MLL-r [n(%)]

Method ALL AML
(n=27) (n=18)
FISH
MLL-t 27 (100.0) 18 (100.0)
Karyotype analysis
Normal Karyotype 8(29.6) 2 (11.1)
11923 translocation 13 (48.1) 13 (72.2)
Add (11q23) or del (11g23) 2(7.4) 0(0)
Other aberration 1(3.7) 1(5.5)
Not available 3 (11.1) 2 (11.1)
RT-PCR
MLL/AF4 16 (59.2) 2 (11.1)
MLL/AF9 2(7.4) 6(33.3)
MLL/AF10 4(14.8) 3(16.7)
MLL/ENL 2(7.4) 3(16.7)
MLL/AF1q 1(3.7) 1(5.5)
MLL/AF17 0(0) 1(5.5)
MLL-r negative 2(7.4) 2 (11.1)

20 H M 2454 A, 34 EFS F10S E 4510 (41.8+
9.4) %A (60.9£9.3) %. 24 ] ALL & JL# 1 {3; EFS
OS IF ] 73351 R 21.5 4 H 1284~ H . 3 4F EFS F1 OS #4535
Jg (44.3+11.7) %A (58.2+12.1) % (& 1), Hrh2 1414
BIFE2 WG 24 A A 144 A i R GesE T, 1 A S
TeI7 R ARG HET . 18 5] AML L {7 EFS 1 OS I} ]
459 A 16 A~ H F1 23 A~ H o, 2 4 EFS Ml OS 3R 43 il Ky
(36.5£15.8) %Ml (64.7£14.5) % (K 2), 24 H JL EFS
I OS b2z R TG E L (=0.182, 4=0.081; P=
0.670, P=0.776).

Cumulative survival rate/%

-1 EFS
200 _mos
—+ EFS-censored
—+ 0S-censored

1 1 | 1 1 1 ]
0 25 50 75 100 125 150
t/month

E1 MLL-r ALL ZJLEJEFS#10S
Fig1 EFS and OS of MLL-r ALL patients
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B2 MLL-r AML #£JLEJEFS#10S
Fig2 EFS and OS of MLL-r AML patients

252 ERWEWH AR 426 KIMEEIRIL, EL15
B, iR LR 17T (2~3810H), BREE kR
H54% (E13), ALLBILE k84, HrhahEisa k141,
BIEER LG, PAEREE 204 (2~3610H), 3
HE BRI 48.4%., AML B ILE KR 70, Yk ERE
K, Hi 1 BB gE AR R &, PR kR R 16 4~ H
(5~381 1), 24 B2 L FH 63.9%. ALLZ5 AML
HRME LB EER TG %2 L (4=0.716, P=
0.398).

100
80
xX
2
£
3 60
& -
s +i-:-~u.--—--+-- ----------- ++
2 40r
k5 -+
=
g
S
20r _MAML —— AML-censored
AL — AL-censored
_'ALL — ALL-censored
0 L

0 25 50 75 100 125 150
t/month
E3 MLL-rENFERILNRRELE

Fig3 Cumulative relapse rate in patients with MLL-r abnormalities

2.5.3 alb-HSCT 345 8 {4l i JLAT allo-HSCT, H:H 6 f
NERIERA, 55208 fE AML B JLCRIJG B M. ALL
BIL4 B TR K517 HSCT, 1 FIsE TG B
Vi B, 10 ARTRRSE M 18D A, 26 “IkE K .
2 ) R kB E AT R A U Z AR T 4 R T
(chimeric antigen receptor engineered T cell, CAR-T) J&
ik CR3, M 1 4] T CAR-T 4 lLIA Y7 5 74 H 58 3 IR &E
K, T VBB RTRRSEGER 3 TR kA M. AML
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L 2 6152 & J5 R 2 1 CR1 AT i F4n s ks, HRTL
TR BIAET

2.5.4 MLL-r PHYE B L EFS M52 R R PR FE o0 dr
i Kaplan-Meier ¥ 73 M52 1 42 {91 MLL-r BH T AL 8 JL EFS
M Z, SRR R RAER<1 % . A41E5=50x
10°L . il /MR EX<30x10°/L J& 5% Wil MLL-r FH P ALL & )L
EFS Y HUE 2 . F P<0.05 AR R 45 A COX [l I 5 Al ik
#2 BEEHFEIMLLr AL £JLE EFS HUSEE

MLL PR T B 0 )L 2 4 s A v A B R b | 907

T2 W E b, & BEE A5 (RR=6.113,
95%C10.017~1.050, P=0.013) JAy5ZM MLL-r fHYE ALL (&
JUEFS sy i fa 3R o H B PR 3R 9 B 5% W) MLL-v FHAE
AML B JLEFS G N &R 2 5 ¥ LGt L (R2),
T3 AR 18 5] AML f8 35 #4707 I MLL-r e B s 8] 43 #r
2T R I 5 <2 YT R I L EFS JCR2 M (=
0.000, P=0.983).

Tab 2 Effects of different prognostic factors on the survival rates of MLL-r AL patients

ALL
Factor
n Median time/month EFS/%

Gender

Male 13 20 40.0+16.9

Female 11 23 46.8+16.7
Age

>1 year 17 26 49.6+15.1

<I year 7 14 28.6x17.1
WBC/(x10°+L™")

=50 15 17 29.1£12.2

<50 9 32 75.0+21.7
Hb/(g-L™)

0-60 3 10 66.7+27.2

>60 21 23 42.5¢12.4
PLT/(x10°-L™")

<30 7 10 19.0+16.8

>30 17 32 54.1x14.3
Partner gene

MLL/AF4 15 14 36.6x14.1

MLL/AF9 = = =

Others 9 34 53.3+20.5
Blast count of PB

Positive 18 14 38.2£13.6

Negative 6 58 60.0+£21.9
Immunophenotyping

Pro-B 16 23 40.5£13.7

Others 8 20 68.6+18.6

Note: Hb—hemoglobin; PLT—platelet count; PB—peripheral blood.

3 idie

MLL-r 215 Il 32 G0 % PRI o DL AL 2 eicds . o)
LB IS MLL Fil G 85 1 5 | e s i 5 5 i S & il H
RFEUN HOX, EPHA7. MEIS. PBX% R H ik, Ml
SO M54k, 30 0 & A ™ X I i
R A AMTHEGR L WA AU . BRI
SR A AE IR A, N AL R — MR R, WHO
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AML
P value n Median time/month EFS/% P value
0.998 0.539
8 25 41.7£22.2
10 16 41.5£20.7
0.028 0.449
16 14 35.0£18.0
2 83 50.0+35.4
0.024 0.530
6 25 53.3+24.8
12 16 24.6+19.8
0.895 0.959
4 32 33.3427.2
14 16 38.4+19.4
0.027 0.535
4 12 0
14 16 45.9£17.8
0.223 - - - 0.747
6 22.5 37.5£28.6
12 12 34.1£18.7
0.214 0.872
13 16 37.2£19.1
5 22 37.5428.6
0.547 -

CURF LB R 11q23/MLL F g 7, X LR A7 4G 0 X 3k 2
P 15 Fr9 32 W7 B 5 I W A 3 . MLL-r WF 5%~
10% Y JL3E AL &L, B4R — S E R A 0 ARWF
5% MLL-r 9K %R 7.1%, HAAE R 294~ H (3~136
M), RIRER LV YL £ o 7E ALL Fi AML (8 LAY
K R0 00 5.4% F113.3%, —HZRAGIH%HE X
(P=0.002), 53k " #2309 & A R KBS . MLL-r 1
AML L & %S T ALL, X W] figj2 AML &L
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TS e ALL 22— . 5 MLL-r AML @8 LA EE, A&
WF5E MLL-r ALL 8 LA IR 8/, 8 1 40 i 850k A=
RE, SACRRE—IXF 142544 0~14.9 % (i )L (0L 1Y
g Y R — 2

Vil AL B — 4L, MLL-r A fE 15 55 06 26 RURRE AR
S, SCHR U HETE MLL-r B-ALL L, ALk
pro-B ALL, Jf& MLL-r ALL [ R R Wi J5 % . A58
MLL-r ALL 8 JL 7 pro-B ALL Y 79.2%, 3 4Ef{) EFS RN
(40.5£13.7) % , dE pro-B ALL # JL 3 4F ) EFS & Ky
(68.6+18.6) %, fH 25 giit L (P=0.547),
FIRE S AL LRI A A DG £ AML 11540
AT 11 5 7 DA% 240 T R AEL 4 L ) 0 A R s s A v
EH R AAEEAER, BT MLL-r AML (. % #) FAB 43
MM, BA @A 1 AR 18 6l AML L
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